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Description

[0001] Thisinvention relates generally to fabrication of
molded structures. More particularly, aspects of this in-
vention relate to hockey blades molded from a core that
includes expandable thermoplastic microspheres.
[0002] Typical hockey stick blades are generally made
of a core reinforced with one or more layers of synthetic
materials such as fiberglass, carbon fiber or Aramid. The
core of the blade may also be made of a synthetic material
reinforced with layers of fibers. The layers may be made
of a woven filament fiber, preimpregnated with resin. Pri-
or art structures have included a foam core with a piece
of fiber on the front face of the blade and a second piece
of fiber on the rear face of the blade, in the manner of
pieces of bread in a sandwich.

[0003] GB 2 259 667 A discloses a method of manu-
facturing a filled integral moulded body, comprising: en-
veloping a foamable filler composition within at least one
layer of a pre-preg material which is in contact with the
inner surface of a mould; applying heat to cure said pre-
preg material and causing the composition to foam so as
to develop a pressure sufficient to compress and mould
the pre-preg material into the desired shape.

[0004] The present invention is defined by a method
according to claim 1.

[0005] The preform comprises a first face surface, a
second face surface, a first edge surface and a second
edge surface, and the fiber tape extends continuously
around the first face surface, the first edge surface, the
second face surface and the second edge surface. The
mixture further comprises a chopped fiber and a curing
agent.

[0006] In another embodiment, a first plurality of poly-
meric shell microspheres are heated from an unexpand-
ed state to a partially expanded state to form a plurality
of expanded microspheres. The partially expanded mi-
crospheres are mixed with a plurality of expanded micro-
spheres with an epoxy resin and a second plurality of
unexpanded polymeric shell microspheres to create a
mixture. The mixture is formed in a shape such a hockey
stick blade to create a preform. The preform is wrapped
with fiber tape preimpregnated with resin to create a
wrapped preform. The wrapped preform is placed in a
mold. The mold is heated, expanding the first plurality of
partially expanded microspheres and the second plurality
of unexpanded microspheres from an unexpanded state
to an expanded state. The mold is cooled and the formed
structure is removed from the mold.

[0007] The preform comprises a first face surface, a
second face surface, a first edge surface and a second
edge surface, the tape extending continuously around
the first face surface, the first edge surface, the second
face surface and the second edge surface. The mixture
further comprises chopped fiber and a curing agent.
[0008] Another aspectis an expandable core compris-
ing epoxy, a curing agent, gas encapsulated polymeric
shell microspheres expanded by heating to a diameter
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of about 40-50 microns, and unexpanded, expandable
gas encapsulated polymeric shell microspheres about
10-12 microns in diameter. The core further includes
chopped fiber.

[0009] Other objects and features of the invention will
become apparent by reference to the following descrip-
tion and drawings which are provided by way of example
only.

[0010] A more complete understanding of the present
invention and certain advantages thereof may be ac-
quired by referring to the following detailed description
in consideration with the accompanying drawings, in
which:

Fig. 1 generally illustrates an isometric side view of
a core formed in the shape of a blade and wrapped
with tape;

Fig. 2 is an isometric side view of the core with a
cross sectional view taken along line 2-2 of Fig. 1;
Fig. 3 is a flow diagram illustrating steps of a process
to fabricate a blade in accordance with an exemplary
embodiment;

Fig. 4 is a flow diagram illustrating steps of a process
to fabricate a blade in accordance with another ex-
emplary embodiment.

Fig. 5 is an isometric side view of a core formed in
the shape of a blade and wrapped with tape in a
configuration different than that of Fig. 1; and

Fig. 6 is an isometric side view of a core formed in
the shape of a blade and wrapped with tape in a
configuration different than that of Fig. 1 and Fig. 5;

[0011] The reader is advised that the attached draw-
ings are not necessarily drawn to scale.

[0012] In the following description of various example
structures in accordance with the invention, reference is
made to the accompanying drawings, which form a part
hereof, and in which are shown by way of illustration var-
ious structures in accordance with the invention. Addi-
tionally, itis to be understood that other specific arrange-
ments of parts and structures may be utilized, and struc-
tural and functional modifications may be made. Also,
while the terms "top" and "bottom" and the like may be
used in this specification to describe various example
features and elements of the invention, these terms are
used herein as a matter of convenience, e.g., based on
the example orientations shown in the figures and/or the
orientations in typical use. Nothing in this specification
should be construed as requiring a specific three dimen-
sional or spatial orientation of structures.

[0013] In general, as described above, aspects of this
invention relate to systems and methods for fabricating
a structure, such as a hockey stick blade. More detailed
descriptions of aspects of this invention follow.

[0014] Fig. 1 illustrates a side view of an epoxy core
20 formed in the shape of a blade and wrapped with tape
22. Fig. 2 is a cross sectional view taken along line 2-2
of Fig. 1, which shows the tape 22 wrapped continuously
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around the core 20.

[0015] Theepoxy core 20isformed with microspheres.
In one embodiment, "Expancell” microspheres are used.
In the formation of these microspheres, a drop of a hy-
drocarbon, liquid isobutene, is encapsulated in a gas-
proof, polymeric thermoplastic shell. When this micro-
sphere is exposed to heat, the shell softens and the hy-
drocarbon inside the shell increases its pressure, ex-
panding the shell. Before expansion, the diameter of the
microsphere is typically 10-12 um and the density is
1000-1200 kg/m3. After expansion, the diameter of the
microsphere is 40-50 wm and the density decreases to
20-30 kg/m3.

[0016] The temperature at which expansion starts as
well as the temperature at which the maximum expansion
and the lowest density is obtained depends on a variety
of factors including the rate of heating of the shells. At
temperatures above the temperature at which the highest
expansion is obtained the microspheres gradually col-
lapse.

[0017] The microspheres are highly resilient. The ex-
panded microspheres are easy to compress. Due to this
resiliency, the microspheres can withstand cycles of
loading/unloading without collapsing or breaking. This
property is important for use in shock absorbent materi-
als.

[0018] Thermoplastic microspheres are distinct from
glass microballoons. Glass microballoons are heavier
than thermoplastic microballoons. Additionally, glass mi-
croballoons do not exhibit the same dampening proper-
ties as thermoplastic microballoons. For these reasons,
thermoplastic microspheres are preferred over glass mi-
croballoons in the manufacture of hockey stick blade,
which must be lightweight, flexible and capable of with-
standing considerable forces.

[0019] Asafirststepinoneembodimentofthe process,
a group of expandable microspheres are heated and they
expand from their original size to an expanded size. The
expanded microspheres have a diameter of 60 -120 pm.
[0020] The expanded microspheres are then mixed
with unexpanded microspheres. This combination of ex-
panded and unexpanded microspheres is mixed with an
epoxy material, such as Epon828. Other strengthening
materials, such as aramid pulp, chopped fiber glass or
chopped carbon fiber are also added to the mixture. Car-
bon nanotubes can also be added enhance stiffness and
shear strength. A curing agent is also added to the mix-
ture. The final epoxy mixture has the consistency of mod-
eling clay.

[0021] The mixture of the expanded microspheres, the
unexpanded microspheres, the epoxy, the other
strengthening materials and the curing agent is then
formedinthe shape of a preform, such as a hockey blade.
As shown in Fig. 2, the preform has a first face surface
30, a first edge 32, a second face surface 34, and a sec-
ond edge 36.

[0022] The structure is then wrapped with carbon fiber
tape 22. The carbon fiber tape 22 is preimpregnated with
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resin. The tape 22 is wrapped continuously around the
first face surface 30, the first edge 32, the second face
surface 34 and the second edge 36. This continuous
wrapping of the preform 20 with the tape 22 results in a
first wrapped face 40, a second wrapped face 44, a top
wrapped edge 42 and a bottom wrapped edge 46.
[0023] The tape may be wrapped in various configu-
rations around the core, such as shown in Fig. 5 and Fig.
6. The tape may be wrapped at a 30 or 45 degree angle
to the longitudinal axis of the blade, as shown in Fig. 5.
A second layer of preimpregnated may be wrapped at a
90 degree angle to the tape, as shown in Fig. 6.

[0024] As shown in Fig. 1, the core includes a toe 45.
The tape 22 extends around the entire core, to the end
of the toe 45, but for purposes of more clearly illustrating
the invention in Fig. 1, the tape 22 is not shown extending
to the end of the toe 45 of the core.

[0025] The use of tape wrapped continuously around
the entire epoxy preform core, including the edges, is
advantageous over a sandwich configuration, where the
tape does not continuously extend of over the edges, for
several reasons. A hockey blade must be very durable
and capable of withstanding large forces from a variety
of directions. For example, the hockey blade can encoun-
ter considerable forces, such as from striking a puck or
the surface of the ice in multiple manners and angles.
Thus, the core needs reinforcement in all directions. The
wrap configuration results in a torsionally stiffer and
stronger structure. The wrap configuration also is better
able to withstand shear forces.

[0026] The wrapped structure is then placed in a mold.
The mold is heated to an appropriate temperature. Inone
embodiment, the mold is heated to 140 degrees C. Upon
heating, the epoxy softens. Additionally, the unexpanded
microspheres expand with this additional hearing. The
epoxy, microspheres, the other materials bond to each
other and also bond to the carbon fiber tape in the mold.
[0027] The mold is cooled and the formed blade is re-
moved from the mold.

[0028] The unexpanded microspheres are required to
produce enough pressure on the outer walls of the struc-
ture. Without sufficient pressure during the molding proc-
ess, the walls will be wrinkled and/or have large numbers
of voids and/or other imperfections. The expanded mi-
crospheres increase the viscosity of the material, making
a more stable pre-form during the kitting operation. Also,
the expanded microspheres allow for a larger volume
pre-form, which is closer to the final geometry of the part.
This is advantageous because it allows less movement
(and more precision) of the structural fibers during the
molding process.

[0029] The combination of expanded and unexpanded
(or partially expanded) is important because it provides
a high viscosity material which produces enough pres-
sure to compress / consolidate the carbon fibers walls
around it.

[0030] Inone embodiment, the core comprises the fol-
lowing materials (parts/weight):
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Base epoxy (Epon 828): 100

Chopped fiber, e.g., Aramid Pulp 3091 (from Teijin):
25

Hardener (curing agent): 14.82

Expancel (pre-expanded) 092DET80d20: 2
Expancel (unexpanded) 051 DU40: 2.5

[0031] The steps of this embodiment of the process
are illustrated in Fig. 3. As shown at 202, a first plurality
of polymeric shell microspheres are heated from an un-
expanded state to an expanded state to form a plurality
of expanded microspheres. As shown at 204, the plurality
of expanded microspheres are mixed with an epoxy res-
in, chopped fiber, curing agent and a second plurality of
unexpanded polymeric shell microspheres to create a
mixture. The mixture is formed in a shape to create a
preform, such as a hockey blade, as shown at 206. The
preform is wrapped with fiber tape to create a wrapped
preform as shown at 208. The preform comprises a first
face surface, a second face surface, a first edge surface
and a second edge surface, and the fiber tape extends
continuously around the first face surface, the first edge
surface, the second face surface and the second edge
surface. The wrapped preform is placed in a mold as
shown at 210. The mold is heated and the second plu-
rality of unexpanded microspheres expand from an un-
expanded state to an expanded state as shown at 212.
The mold is cooled as shown at 214, and the formed
structure is removed from the mold as shown at 216.
[0032] As a first step in another embodiment of the
process, a group of expandable microspheres are heated
and they partially expand from their original size to a larg-
er size, but not to their full size. The partially expanded
microspheres have a diameter of 60-90 um.

[0033] The partially expanded microspheres are then
mixed with unexpanded microspheres. This combination
of partially expanded and unexpanded microspheres is
mixed with an epoxy material, such as Epon828. Other
strengthening materials, such as aramid pulp, chopped
fiber glass or chopped carbon fiber are also added to the
mixture. Carbon nanotubes can also be added enhance
stiffness and shear strength. A curing agentis also added
to the mixture. The final epoxy mixture has the consist-
ency of modeling clay.

[0034] The mixture of the partially expanded micro-
spheres, the unexpanded microspheres, the epoxy, the
other strengthening materials and the curing agent is
then formed in the shape of a preform, such as a hockey
blade. As shown in Fig. 2, the preform has a first face
surface 30, a first edge 32, a second face surface 34,
and a second edge 36.

[0035] The structure is then wrapped with carbon fiber
tape 22. The carbon fiber tape is preimpregnated with
resin. The tape is wrapped continuously around the first
face surface 30, the firstedge 32, the second face surface
34 and the second edge 36. This continuous wrapping
ofthe preform 20 with the tape 22 results in afirst wrapped
face 40, a second wrapped face 44, a top wrapped edge
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42 and a bottom wrapped edge 46.

[0036] The use of tape wrapped continuously around
the entire epoxy preform core, including the edges, is
advantageous over a sandwich configuration, where the
tape does not continuously extend of over the edges, for
several reasons. A hockey blade must very durable and
capable of withstanding large forces from a variety of
directions. For example, the hockey blade can encounter
considerable forces, such as from striking a puck or the
surface of the ice in amultiple manners and angles. Thus,
the core needs reinforcement in all directions. The wrap
configuration results in a torsionally stiffer and stronger
structure. The wrap configuration also is better able to
withstand shear forces.

[0037] It is to be understood that the tape need not
consist of a single unitary piece or sheet of material. For
example, the tape can consist of acombination of multiple
pieces or sheets that overlap.

[0038] The wrapped structure is then placed in a mold.
The mold is heated to an appropriate temperature. Inone
embodiment, the mold is heated to 140 degrees C. Upon
heating, the epoxy softens. Additionally, the unexpanded
microspheres, as well as the microspheres that previous-
ly were partially expanded, expand further with this ad-
ditional hearing. The epoxy, microspheres, the other ma-
terials bond to each other and also bond to the carbon
fiber tape in the mold.

[0039] The mold is cooled and the formed blade is re-
moved from the mold.

[0040] The steps of this embodiment of the process
are illustrated in Fig. 4. As shown at 302, a first plurality
of polymeric shell microspheres are heated from an un-
expanded state to a partially expanded state to form a
plurality of expanded microspheres. As shown at 304,
the plurality of expanded microspheres are mixed with
an epoxy resin, chopped fiber, curing agent and a second
plurality of unexpanded polymeric shell microspheres to
create a mixture. The mixture is formed in a shape to
create a preform, such as a hockey blade, as shown at
306. The preform is wrapped with fiber tape to create a
wrapped preform as shown at 308. The preform compris-
es a firstface surface, a second face surface, afirst edge
surface and a second edge surface, and the fiber tape
extends continuously around the first face surface, the
first edge surface, the second face surface and the sec-
ond edge surface. The wrapped preform is placed in a
mold as shown at 310. As shown at 312, the mold is
heated, and the first plurality of partially expanded micro-
spheres expand to an expanded state, and the second
plurality of unexpanded microspheres expand from an
unexpanded state to an expanded state. The mold is
cooled as shown at 314, and the formed structure is re-
moved from the mold as shown at 316.

[0041] In alternative embodiments, different combina-
tions of core materials are used to create distinct recipes
of core mixtures. The different mixtures can be used to
create a blade with zones of varying density and stiffness.
The bottom of the blade and the heel of the blade are
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typically subject to the most force and impact from striking
the ice or a hockey puck. Core mixtures with higher den-
sity materials can be placed in the areas of the blade
subject to greater forces and impacts, such as the bottom
or heel, to create stronger blade regions.

[0042] In an alternative embodiment, the core is
formed with the epoxy, microspheres and other materials
as described, and additionally with a foam insert. The
foam insert may be a polymethacrylimide (PMI) foam
such as manufactured under the name Rohacell. A suit-
able low density PMI foam is RIMA (Resin Infusion Man-
ufacturing Aid) foam. This type of foam is a high strength
foam that can withstand the shear and impact forces that
result when a hockey blade strikes a hockey puck. The
foam is placed on various locations of the blade to create
a blade with zones of varying density. The foam may be
placed along the top or the toe of the blade to reduce
weight.

[0043] The reader should understand that these spe-
cific examples are set forth merely to illustrate examples
ofthe invention, which is defined by the appended claims,
and they should not be construed as limiting the inven-
tion. Many variations in the connection system may be
made from the specific structures described above.

Claims

1. A method of fabricating a formed structure compris-
ing:

forming a first mixture and a second mixture by
mixing heat expanded polymeric shell micro-
spheres with an epoxy resin and unexpanded
polymeric shell microspheres, wherein the first
and second mixtures are different to one anoth-
er;

forming the core mixtures into a shape to create
a preform (20), wherein the differing core mix-
tures are used to create zones of varying density
and stiffness;

wrapping the preform with fiber tape (22) to cre-
ate a wrapped preform;

placing the wrapped preform in a mold;
heating the mold and expanding the unexpand-
ed microspheres from an unexpanded state to
an expanded state;

cooling the mold; and

removing the formed structure from the mold.

2. Themethod according to claim 1 wherein the formed
structure is a hockey blade.

3. The method according to claim 1 or 2 wherein said
fiber tape (22) is preimpregnated with resin.

4. The method according to claim 1, 2 or 3 wherein the
preform comprises a firstface surface (30), a second
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face surface (34), a first edge surface (32) and a
second edge surface (36), and the fiber tape (22)
extends continuously around the first face surface,
the first edge surface, the second face surface and
the second edge surface.

5. The method according to any preceding claim
wherein the first core mixture and the second core
mixture further comprise a chopped fiber and a cur-
ing agent.

6. The method of any preceding claim wherein:

the microspheres are thermoplastic micro-
spheres;

the expanded state of the expanded micro-
spheres is a partially expanded state; and
heating the mold further expands the expanded
microspheres.

7. The method according to claim 1 wherein forming
the first core mixture and the second core mixture
further comprises adding a curing agentand wherein
the expanded microspheres comprise gas encapsu-
lated polymeric shell microspheres expanded by
heating to a diameter of about 40-50 microns, and
the unexpanded polymeric shell microspheres com-
prise unexpanded, expandable gas encapsulated
polymeric shell microspheres of about 10-12 mi-
crons in diameter.

8. The method according to claim 7, wherein forming

the first core mixture and the second core mixture
further comprises adding chopped fiber.

Patentanspriiche

1. Verfahren zur Herstellen einer geformten Struktur,
umfassend:

Bilden einer ersten Mischung und einer zweiten
Mischung durch Mischen von durch Warme ex-
pandierten Polymerhillen-Mikrokugeln mit ei-
nem Epoxidharz und nicht expandierter Poly-
merhillen-Mikrokugeln, wobei die erste und die
zweite Mischung voneinander verschieden
sind;

Formen der Kernmischungen in eine Gestalt,
um einen Vorformling (20) zu erzeugen, wobei
die unterschiedlichen Kernmischungen verwen-
det werden, um Zonen variierender Dichte und
Steifheit zu erzeugen;

Umwickeln des Vorformlings mit Faserband
(22), um einen umwickelten Vorformling zu er-
zeugen;

Anordnen des umwickelten Vorformlings in ei-
ner Giel3¢form;
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Erwarmen der Giel3form und Expandieren der
nicht expandierten Mikrokugeln von einem nicht
expandierten Zustand in einen expandierten Zu-
stand;

Kihlen der Giel3form; und

Entnehmen der geformten Struktur aus der
GielAform.

Verfahren nach Anspruch 1, wobei die geformte
Struktur ein Hockey-Blatt ist.

Verfahren nach Anspruch 1 oder 2, wobei das Fa-
serband (22) mit Harz vorimpragniert ist.

Verfahren nach Anspruch 1, 2 oder 3, wobei der Vor-
formling eine erste flachige Oberflache (30), eine
zweite flachige Oberflache (34), eine erste Kanteno-
berflache (32) und eine zweite Kantenoberflaiche
(36) umfasst, und das Faserband (22) sich ununter-
brochen um die erste flachige Oberflache, die erste
Kantenoberflache, die zweite flachige Oberflache
und die zweite Kantenoberflache erstreckt.

Verfahren nach einemder vorstehenden Anspriiche,
wobei die erste Kernmischung und die zweite Kern-
mischung weiter eine zerhackte Faser und ein Aus-
hartungsmittel umfassen.

Verfahren nach einemder vorstehenden Anspriiche,
wobei:

die Mikrokugeln thermoplastische Mikrokugeln
sind;

der expandierte Zustand der expandierten Mi-
krokugeln ein teilweiseexpandierter Zustand ist;
und

das Erwarmen der Giel3¢form die expandierten
Mikrokugeln weiter expandiert.

Verfahren nach Anspruch 1, wobei das Bilden der
ersten Kernmischung und der zweiten Kernmi-
schung weiter das Hinzufiigen eines Aushartungs-
mittels umfasst und wobei die expandierten Mikro-
kugeln Polymerhillen-Mikrokugeln mit Gasein-
schluss umfassen, die durch Erwarmen auf einen
Durchmesser von etwa 40-50 Mikrometer expan-
diert werden, und die nicht expandierten Polymer-
hullen-Mikrokugeln nicht expandierte, expandierba-
re Polymerhillen-Mikrokugeln mit Gaseinschluss
mit einem Durchmesser von etwa 10-12 Mikrome-
tern umfassen.

Verfahren nach Anspruch 7, wobei das Bilden der
ersten Kernmischung und der zweiten Kernmi-
schung weiter das Hinzufligen von zerhackter Faser
umfasst.
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Revendications

Procédé de fabrication d’une structure formée
comprenant :

la formation d’'un premier mélange et d’un se-
cond mélange en mélangeantdes microsphéres
a enveloppe polymére expansées a la chaleur
avec une résine époxyde et des microsphéres
a enveloppe polymeére non expansées,

dans lequel le premier et le second mélange
sont différents 'un de l'autre ;

la formation des mélanges centraux dans un
moulage pour créer une préforme (20), dans le-
quel les mélanges centraux différents sont utili-
sés pour créer des zones de densité et rigidité
variables ;

I'enveloppement de la préforme par une bande
de fibres (22) pour créer une préforme
enveloppée ;

le placement de la préforme enveloppée dans
un moule ;

le chauffage du moule et I'expansion des mi-
crosphéres non expansées d’un état non expan-
sé a un état expansé ;

le refroidissement du moule ; et

le retrait de la structure formée du moule.

Procédé selon la revendication 1, dans lequel la
structure formée est une palette de hockey.

Procédé selon la revendication 1 ou 2, dans lequel
ladite bande de fibres (22) est pré-imprégnée d’'une
résine.

Procédé selon larevendication 1,2 ou 3, dans lequel
la préforme comprend une premiere surface frontale
(30), une seconde surface frontale (34), une premié-
re surface de bord (32) et une seconde surface de
bord (36) etla bande defibres (22) s’étend en continu
autour dela premiéere surface frontale, de la premiére
surface de bord, de la seconde surface frontale et
de la seconde surface de bord.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le premier mélange central
et le second mélange central comprennent en outre
une fibre découpée et un agent de durcissement.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel :

les microsphéres sont des microspheres
thermoplastiques ;

I'état expansé des microsphéres expansées est
un état partiellement expansé ; et

le chauffage du moule augmente encore l'ex-
pansion les microsphéres expansées.
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Procédé selon la revendication 1, dans lequel la for-
mation du premier mélange central etdu second mé-
lange central comprend en outre I'addition d’un
agent de durcissement et dans lequel les micros-
phéres expansées comprennent des microsphéres
a enveloppe polymeére encapsulées dans un gaz et
expansées par chauffage a un diamétre d’environ
40-50 micrométres, etles microsphéres a enveloppe
polymére non expansées comprennent des micros-
phéres a enveloppe polymére encapsulées dans un
gaz, non expansées, expansibles, d’environ 10-12
micrometres de diametre.

Procédé selon la revendication 7, dans lequel la for-
mation du premier mélange central etdu second mé-
lange central comprend en outre I'addition d’une fi-
bre découpée.
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